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(54) Cleaning of parts using an environmentally safe solvent 



(57) The present invention provides a solvent mix- 
ture comprising n-propyl bromide, a mixture of terpenes 
and a mixture of tow boiling solvents, and a method for 
cleaning an article (o,g,, electrical, plastic, and metal 
parts) in a vapor degreaser using the solvent mixture. 
The solvent mixture of the present invention is non-flam- 



mable, non-corrosive and non-hazardous. In addition, it 
has a high solvency and a very low ozone depleting po- 
tential. Thus, using the solvent mixture of the present 
invention, oil, grease rosin flux and other organic mate- 
rial can be readily removed from the article of interest in 
an environmentally sale manner. 
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Description 

The present Invention relates generally to molecu- 
lar level cleaning of parts by vapor degreasing. More 
particularly, the present invention relates to a solvent 
mixture comprising n-propyl bromide, a mixture of ter- 
penes and a mixture of low boiling solvents, and to a 
method for cleaning an articte In a vapor degreaser us- 
ing this solvent mixture. The solvent mixture of the 
present invention is non-flammable, non-corrosive and 
non-hazardous and has an Ozone Depletion Potential 
(ODP) between 0.001 - 0,046. 

Molecular level cleaning by vapor degreasing has 
found wide acceptance In industry. In fact, molecular 
level cleaning by vapor degreasing is a preferred nneth- 
od of cleaning precision parts, such as electronics, ma- 
chined metallic parts, etc., since vapor cleaning leaves 
virtually no residue on the parts. Generally, vapor de- 
greasing involves the healing of a solvent to its boiling 
point to generate a vapor layer into which the object to 
be cleaned is placed. The vapor condenses on the ob- 
ject arKj subjects the surface to a solvent-flushing action 
as it flows downward. The solvent-flushing actic^ dis- 
solves the hydrocarbon contaminants and removes 
them from the object, thereby cleaning it. The liquid 
drops are then collected in a reseivoir and are revapor- 
Ized, typically through the use of steam-heating coils. 
Thus, the surface of the object is continually rinsed with 
fresh solvent. 

There are four general types of vapor phase de- 
greasers. The simplest form of a vapor phase degreaser 
is the straight vapor cycle degreaser which utilizes only 
the vapor for cleaning. As the parts are lowered Into the 
hot vapor, the vapor condenses on the cold parts and 
dissolves the surface oils and greases. The oily conden- 
sate drops back Into the liquid solvent at the base of the 
tank. The solvent is evaporated continuously to form a 
vapor blanket. Since the oils are not vaporized, they re- 
main in the bottom of the tank in the form of a sludge. 
The scrubbing actbn of the condensing vapor continues 
until the temperature of the part reaches the tempera- 
ture of the vapor whereupon condensation ceases, the 
part appears dry, and it is renx>ved from the degreaser. 
The time required to reach this point depends on the 
particular solvent empk>yed, the temperature of the va- 
por, the weight of the part, its specific heat and the type 
of contamination material to be removed. This particular 
vapor phase degreaser does an excellent job of drying 
parts after aqueous cleaning and before plating and, 
thus, it is frequently used for this purpose in the jewelry 
industry. Unfortunately, however, it is not as effective on 
small, light weight parts because such parts frequently 
reach the temperature of the vapor before the condens- 
ing action has fully cleaned the parts. 

A second type of vapor phase degreaser, i.e., the 
vapor-spray cycle degeaser, Is frequently used to soh/e 
the problems associated with the straight vapor cycle 
degreaser. In this vapor-spray cycle degreaser. the part 



to k>e cleansed is first placed in the vapor zone as is 
done in the straight vapor cycle degreaser. A portion of 
the vapor is condensed by cooling coils and fills a liquid 
solvent resen^oir. This warm liquid solvent is pumped to 
s a spray nozzle that can be used to direct the solvent on 
the part, washing off surface oils and cooling the part, 
thereby cleaning by vapor condensation. 

The third type of vapor phase degreaser is a liquid- 
vapor cycle degreaser which has one compartment with 
^0 warm solvent and another compartment with a vapor 
zone. This degreaser is partbularty useful for heavily 
soiled parts or for cleaning a basket of small parts that 
nest together. The fourth type of vapor phase degreaser 
is the ultrasonic degreaser. Such degreasers are useful 
for cleaning critical parts. An ultrasonic degreaser has 
a transducer mounted at the base of the tank which op- 
erates in the range of 20 to 40 kHz. The transducer al- 
ternately compresses and expands the solvent forming 
small bubbles whk:h, m turn, cavitate or collapse on the 
surface of the part. This cavltatkxi phenomenon disrupts 
the adhering soils, thereby cleaning the part. 

Conventional solvents used with the foregoing va- 
por phase degreasers include trichtoroethylene, per- 
chloroethylene. methyl chloroform, methylene chk>ride. 
CFC 113. dibromomethane, bromochk)romethane, 
trichlorotrifluoroethane and varkMiS hydrochiorofluoro- 
carlxjns, such as "Genesolve" (nrianufactured by Allied 
Chemical). Vapor degreasing techniques empk>yingthe 
foregoing solvents or equivalents thereof are taught in 
United States Patent 3.881 ,949 which issued on May 6. 
1975 to Carl Martin Brock. Unfortunately, however, such 
solvents are typically on the Clean Air Act list of high 
ozone depleting chemicals and, thus, they are being 
phased out of production and/or banned from use in the 
United States. Similar provisk>ns provide in most other 
countries folk>wing the Montreal Protocol. Thus, there 
exists a need for a solvent which can be used in place 
of these banned ozone depleting chemicals in vapor 
phase degreasers 

United States Patent 4,056,403, which issued to 
Robert J. Cramer, et ai on November 1 , 1 977, describes 
a method in which a number of non-regulated ozone de- 
pleting chemicals, including n-propyl bromkie. are used 
in cleaning polyuretfiane foam generating equipment. 
Cramer, et al. teach a method wherein a solvent com- 
position described therein is used for cleaning a poly- 
urethane foam generating apparatus or a segment 
thereof The solvents taught may be perkxlk:ally Injected 
under pressure through the mixer portk>n of the foaming 
apparatus in order to purge it of residual un reacted or 
partially foam forming materials. Uifortunately, the 
method described in this patent would be totally ineffec- 
tive because its compositkm does not include the ap- 
propriate stabilizers necessary to prevent the n-propyl 
bromide from becoming acid and thereby attacking the 
metal surfaces which might be placed into the vapor lay- 
er. 

The use of hot saturated vapors of a liquki halogen- 
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ated hydrocarbon, including bromochloromethane. is 
taught in U.S. Patent 4,193,838 which Issued to Robert 
J. Kelly, et at. on March 18. 1990. More particularly, this 
patent teaches the generation of a pool of hot saturated 
vapors ot a halogenated acyclic hydrocarbon. Pieces of 
paper stock which have been coated with "hot mett" 
coatings, such as are used on consumer items and milk 
cartons, etc., are then placed in the vapor pool and, 
thereafter, they are agitated. Again, it is noted that this 
method would t>e ineffective at cleaning flux and other 
articles because of the acidic nature of the non-stabK 
Ii29d compound utilized therein whk:h would tend to de- 
stroy the object rather than just clean it. 

United States Patent No. 5.403,507, which issued 
to Richard G. Henry on April 4, 1996. disck^ses a solvent 
mixture for use in vapor cleaning degreasing. Dibro- 
momeihane is used as the principal component. The di- 
bromomethane is mixed with other solvents whfch are 
intended to stabilize the dibromomelhane and to pre- 
vent the solvent mixlure from becoming acidic on the 
release of bromine into the atnnosphere. Although the 
solvent mixture disclosed therein is more stable than ei- 
ther of the solvent mixtures taught in United States Pat- 
ents 4,056,403 and 4,193,838, there are still a number 
of disadvantages associated with the use of dibro- 
momethane which make it unsuitable for use as a sol- 
vent in vapor phase degreasers. In fact, the Clean Air 
Act now lists dibromomethane as an ozone depleting 
chemical which is banned from use in vapor degreasers 
or any other cleaning process which results in atmos- 
phere release. 

In view of the foregoing, it is readily apparent that 
there rennains a need in the art for a sofvent mixture 
whk:h is suitable for molecular level cleaning of parts 
without the use of any of the high ozone depleting chem- 
icals that are identified as Class I or Class f I materials 
in the U.S. Federal Register, Vol. 58 / No. 236 / Friday. 
December 10, 1993/ Rules including bronrxx^hlorometh- 
ane which, as a potential ozone depleter. will be banned. 

The present invention as claimed provides a solvent 
mixture whk^h can be used in vapor phase degreasers 
in place of traditional solvents, such as trichtoroethyl- 
ene, perchtoroethylene, methyl chk>roform. methylene 
chloride, trwhlorotrifluoroethane, dibromomethane, bro- 
mochoromethane, CFC-1 1 3- etc. The solvent mixture of 
the present invention is non-flammable, non-corrosive 
and non-hazardous. Moreover, it has a high solvency 
and a low ozone depleting potential between 0.001 and 
0.046 and a Global Warming Potential between 0.0001 
and 0.0003. As such, the solvent mixture of the present 
invention can effectively be used to remove oil, grease, 
rosin, flux and other organic contaminants from ttie sur- 
faces of numerous articles, e,g., electrical, plastk^ and 
metallic parts. 

More particularly, the present invention provides a 
solvent mixture for use in a vapor degreasing system, 
the solvent mixture comprising: 



90 percent to about 96.5 percBnX n-propyl bromide: 
0 percent to about 6.5 percent of a mixture of ler- 
penes. the terpene mixture comprising 35 percent 
to about 50 percent c/s-pmane and 35 percent to 

5 about 50 percent franspinane; and 

3.5 percent to about 5 percent of a mixture of low 
boiling solvents, the low belling solvent mixture 
comprising 0.5 percent to 1 percent nitromethane. 
0.5 percent to 1 percent 1 .2-butylene oxkJe and 2.5 

10 percent to 3 percent 1 ,3-dioxolane. 

One of f unciions of the low boiling solvent mixture 
is to neutralize any free acid that might result from oxi- 
dation of the mixture in the presence of air, from hydrol- 

is ysis of the mixture in the presence of water, and from 
pyrotysis of the mixture under the influence of high tem- 
peratures. Moreover, the low t>oiling solvent mixture 
serves to prevent pitting or corroskxi of metal articles 
which are placed in the vapor layer. 

20 The function of the terpene mixture (when used) is 
to hold the n-propvl bromide to the surface of an article 
being degreased. The terpenes are much sk>wer evap- 
orating than the n-propyl bromide and so will sit on the 
surface of the article hokling the n-propyl bromide in 

2S place. 

In another aspect, the present invention provides a 
method for cleaning an article in a vapor degreaser, the 
method comprising: 

30 (a) providing a vapor degreaser system; 

(b) adding to the solvent reservoir of the vapor de- 
greaser system a solvent mixture, the solvent mix- 
ture comprising: 

35 90 percent to about 96.5 percent n-propyl bro- 

mide; 

0 percent to about 6.5 percent of a mixture of 
terpenes, the terpene mixture comprising 35 
percent to about 50 percent cis-pinane and 35 

40 percent to about 50 percent rrans-pinane; and 

3.5 percent to atxDUt 5 percent of a mixture of 
low boiling solvents, the low boiling solvent mix- 
ture comprising 0.5 percent to about 1 percent 
nitromethane, 0.5 percent to about 1 percent 

45 1, 2-butylene oxkje and 2.5 percent to about 3 

percent 1,3-dioxolane; 

(c) boiling the solvent mixture to form a vapor layer; 

(d) introducing into the vapor layer an article to be 
50 cleaned; and 

(e) removing the artk:le from the vapor layer. In this 
method, the ve^r layer condenses on the article, 
thereby subjecting the surface of the artk^le to a sol- 
vent-flushing action as it flows downward. 

ss 

The solvent-flushing action dissolves the hydrocar- 
bon contaminants and removes them from the object, 
thereby cleaning it. As such, using the method ol the 
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present invention, oil. grease, rosin flux and other or- 
ganic material can be readily removed from the article 
of interest. 

Other features, objects and advantages of the in- 
vention and its preferred embodiments wilt become ap- 
parent from the detailed description which follows. 

As stated above, the present invention provides a 
solvent mixture for use in a vapor degreasing system 
the solvent mixture comprising: 90 percent to about 96.5 
percent n-propyt bromide; 0 percent to atXMit 6.5 percent 
of a mixture of terpenes, the terpene mixture comprising 
35 percent to about 50 percent cits-plnane and 35 per- 
cent to about 50 percent trans-p^nane] and 3.5 percent 
to about 5 percent of a mixture of low boiling solvents, 
the low boiling solvent mixture comprising 0.5 percent 
to about 1 percent nitromethane, 0.5 percent to about 1 
percent 1 ,2-butylene oxide and 2.5 percent to about 3 
percent 1,3-dioxolane. In a presently preferred embod- 
iment, the teipene mixture of c«s-pinane and trans- 
pinane includes additional terpenes. Suitable terpenes 
include, but are not limited to, one or more of the follow- 
ing: erTdb-isocamphene, a-pinene, c/s-para-menthane 
and frans-pa/a-menthane. In another preferred embod- 
iment, the terpene mixture further includes endb-iso- 
camphene, a-pinene, c«9-pa/a-menthane and trans- 
para-menthane. If present, these additional terpenes 
can, individually, make up 1 percent to about 5 percent 
and. more preferably, 2 percent to atx>ut 3 percent of 
the terpene mixture. 

It has been discovered that the solvent mixture of 
the present invention nieets the desired characteristics 
for the proper cleaning of electrical parts, metals, plas- 
tics, elastomers, circuit boards, etc. More particularly, 
the solvent mixture of the present invention has the fol- 
lowing characteristics: (1 ) it is properly stabilized against 
any free acid that might result from oxidation of the mix- 
ture in the presence of air, from hydrolysis of the mixture 
in the presence of water, and from pyrolysis of the mix- 
ture under the influence of high temperatures; (2) it is 
rKxi-flammable and non-corrosive; (3) the various com- 
ponents of the solvent mixture are not regulated by the 
U. S. Clean Air Act; and (4) none of the various compo- 
nents of the solvent mixture are Known cancer causing 
agents (/,©.. in the US context., the various components 
are not listed by N.T.L, LA.R.C. and California Proposi- 
tion 65. nor are they regulated by OSH A). Moreover the 
solvent mixture of the present invention has a high sol- 
vency with a Kauri-butanol value above 120 and, more 
preferably, atx>ve 125. In addition, the solvent mixture 
of the present invention has an evaporation rate of at 
least 0.96 where 1,1.1 -Trichloroethane = 1 , Upon evap- 
oration, the solvent mixture of the present invention 
leaves a non-volatile residue (NVR) of less than 2.5 mg 
and, more preferably, no residue. Further, the solvent 
mixture of the present invention has a latent heat of 
evaporation of about 58,8 cai/g (about 246 kJ/kg) which, 
in turn, taciiitates condensation of the solvent mixture 
on the chiller side of a standard vapor degreasing sys- 



tem. 

In addition, the use of n-propyl bromide In the sol- 
vent mixture of the present invention has significant ad- 
vantages over the use of dibromomethane and bromo- 
5 chloromethane. In contrast to n-propyl bromide, dibro- 
momethane is listed by the Clean Air Act as an ozone 
depleting chemical which is banned from use in vapor 
degreasing or other cleaning processes involving at- 
mospheric release and bromochkxomethane which is 
10 suspect of having a ODP of greater > 0. 1 where the ODP 
of the banned 1,1, 1 -Trichloroethane = 0.1 . Moreover, 
in contrast to n-propyl bromide which has an atnrx>spher- 
ic life of about 1 4 to 30 days and a ODP of 0.001 - 0.046, 
dibronnomethane has an atmospheric life of atx>ut 3 
IS years and bromochloromethane of 3 to 4 nrK>nths and a 
ODP of 0.28 - 1 .2. Dibromomethane is more toxic than 
rvpropyl bromide and, in contrast to n-propyl bromide, 
dibromomethane undergoes bio-accumulation (e.g., in 
fish and aquatic life). In additbn, while both dibro- 
^ rrx^melhane and n-propyl bromide react with strong bas- 
es, strong oxidizing agents, aluminum calcium, zinc, 
nr«gnesium, alloys, etc, the compounds formed with di- 
bromomethane are typically shock sensitive and, thus, 
potentially explosive, whereas those formed with n-pro- 
pyi bromide are not. Further, the chemical and physical 
properties of the n-propyl bronrude^sed solvent mix- 
tures of the present invention make them more energy 
efficient than the bronrxx^hloromethane ordibromonr^th- 
ane solvent mixture of the prior art or the banned sol- 
do vents 1, 1. 1 trichloroethylene, trichioroethy1er>e or 
methylene chloride. As a result of its boiling point, spe- 
cific heat and latent heat of vaporization the n-propyl 
bromide-based solvent mixtures of the present Inven- 
tion require about the same or less energy to cause the 
35 mixture to boil and create a denser vapor zone for clean- 
ing. 

As a result of the foregoing properties, the solvent 
mixture of the present invention can be advantageously 
used in vapor phase degreasers in place of traditional 

40 solvents including, for example, trtehloroethylene, per- 
chk)roethylene, methyl chloroform, methylene chloride, 
trichtorotrifluoroethane, dibromomethane, CFC-1 1 3, 
etc. Moreover, the solvent mixture of the present Inven- 
tion can t>e effectively used In the four major types of 

45 vapor phase degreasers. te., the straight vapor cycle 
degreaser the vapor-spray cycle degreaser, and the liq- 
ujd*vapor degreaser and the ultrasonic degreaser. In 
addition, it shoukJ be noted that emissions from a vapor 
phase degreaser operated with the solvent mixture of 

so the present invention are so low that local exhaust ven- 
tilation Is not required, although in some instances, such 
a system may still be desirable. 

The solvent composition of the invention is simply 
prepared by combining and mixing togetfier the n-propyl 

55 bromide, the terpene mixture and the low boilm g solvent 
mixture In the desired or specified proportions The sol- 
vent mixture is then ready to use as the solvent in a va- 
por phase degreaser system, n-propvl bromide C3H7Br: 
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(CHaCHgCHgBr) is commercially available from Dead 
Sea Bromine LTD Israel. The terpenes used to make up 
the terpene mixture are commercially available from 
SCM Glidco Jacksonville FL. Nitromethane (CHgNO^), 
1 ,3-dioxolane and 1 ,2-butylene oxide (or, alternatively, 5 
1 .2-epoxy butane) are commercially available from 
Aldrk:h Chemical Co. (Milwaukee, Wisconsin). 

In another aspect, the present Invention provides a 
method of cleaning artk:les in a vapor degreaser using 
the solvent mixture of the present inventbn In this meth- io 
od. the solvent mixture of the present invention is added 
to a conventkxial vapor degreaser, such as Baron- 
Blakesleeor Branson nrxxJels. The thermostat on the va- 
por degreaser is set to a temperature o1 about 1 56** F to 
about 160*'F (about 69-71 '^C). At this temperature 
range, the n-propyl bromide present in the solvent mix- 
ture will boil. When the solvent mixture reaches a tem- 
perature of about ise^F to about 160''F (about 
69-71 'C), a vapor layer will appear above the solvent 
as a mist. This vapor mist constitutes the principal fea- 
ture of cleaning by the vapor method. When the vapor 
mist appears, the object to be cleaned is placed into the 
vapor layer. The vapor condenses on the object and 
oubjoctG thG GurffacG of the object to a soivent-flushing 
action as it f k>ws downward. The solvent -flushing actk>n 
dissolves the hydrocarbon contaminants and removes 
them from the object, thereby cleaning it. The liquid 
drops are then collected in a reservoir and are revapor- 
ized, typically through the use of steam-heating coils. 
Thus, the surface of the object is continually rinsed with 30 
fresh sohrent. As such, using the method of the present 
inventkxi, oil, grease, rosin flux and other organic ma- 
terial can be readily removed from the object of interest. 
Moreover, the vapors from the solvent will not contain 
any of the removed contaminants and, thus, the vapors 3S 
can be used to clean additional objects. 

The inventk^n will be described in greater detail by 
way of specific examples. The following examples are 
offered for illustrative purposes, and are intended nei- 
ther to limit or define the inventkjn in any manner 

EXAMPLE I 

A solvent mixture in accordance with the present 
inventkxi was blended and added together to a standard 
vapor degreaser, the solvent mixture comprising: (i) 
about 90.0 percent n-propyl bromides (ii) about 6 per- 
cent of a mixture of terpenes. the terpene mixture com- 
prising about 45 percent c/s-ptnane, about 45 percent 
f/ans-pinane, about 2 percent ©ncioisocanriphene, ^ 
about 2 percent a-pinene, about 2 percent c»-pe/s- 
menthane and about 2 percent /rans-para-m enthane 
(the difference from 1 00% being attributable to rounding 
errors): and (iii) about 4 percent of a mixture of low boil- 
ing solvents, the k>w boiling solvent mixture comprising 55 
about 0.5 percent nitromethane, about 0.5 percent 
1 ,2-butylerte oxide and about 3 percent 1 ,3-dioxolane. 
The thermostat on the vapor degreaser was adjusted to 



a temperature of about 160 '^F (about 71'*C), and the 
system was alk>wed to equilibrate. After the mixture in- 
skie the solvent reservoir reached a temperature of 
about 160 **F (about 71 °C), the mixture began to boil. 
Upon inspection; a vapor layer several inches thick was 
observed inside the vapor degreaser unit. Enough vapor 
was being evolved to condense and be circulated from 
the chilled skie of the vapor degreaser to the boiling skie 
of the vapor degreaser, 

EXAMPLE II 

Fifteen galkxis of the solvent mixture described in 
Example I were added to a vapor phase degreaser The 
thermostat on the vapor degreaser was adjusted to a 
temperature of atx>ut 1 60 ^'F (about 71°C), and the sys- 
tem was allowed to equilibrate. After the mixture inside 
the solvent reservoir reached a temperature of about 
160 **F (about 71**C), the mixture began to boll. A t>asket 
of steel parts covered with lithium-based grease was 
placed In the vapor layer. After a period of about 30 sec- 
onds, the basket of steel parts was removed from ^e 
vapor layer. All of the lithlum-l>ased grease had been 
removed and the steel parts were completely clean. Us- 
ing a similar procedure as that just descrtoed, pieces of 
sheet metal containing light mineral oils, silk;one oils, 
lithium greases and other types of industrial release flu- 
ids were placed in the vapor layer to be cleaned. After 
a period of about a minute, the pieces of sheet metal 
were renrK)ved from the vapor layer All of the contami- 
nants, ie,, the light mineral oils, silk^e oils, lithium 
greases and other types of industrial release flukls. had 
been removed. 

EXAMPLE III 

Fifteen gallons of the solvent mixture descrit>ed in 
Example I were added to a ultrasonk: degreaser. The 
ultrasonic degreaser had a transducer mounted at the 
base of the tank which operates in the range of 20 to 40 
kHz. The thermostat on the ultrasonic degreaser was 
adjusted to a temperature of at)Out ISCF (about 71 ^C), 
and the svstem was allowed to equilibrate. The ultra- 
sonic degreaser also emptoyed water chilled coils to 
control the solvent vapors arKt to eliminate the need for 
a kx;al exhaust ventilatk>n svstem. Several steel parts 
coated with lithium grease were immersed in the solvent 
for about one minute. The transducer alternately com- 
pressed and expanded the solvent thereby forming 
small bubbles which, in turn, cavitated at the surface of 
the lithium grease coated steel parts. The cavitation 
phenomenon disrupted the adhering soils and cleaned 
the parts. Using a similar procedure as that just de- 
scribed, pieces of sheet metal containing light mineral 
oils, silicone oils, lithium greases and other types of in- 
dustrial release flukls were immersed In the ultrasonk: 
degreaser After a period of about a minute, the pieces 
of sheet metal were removed from the vapor layer. All 
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of the contaminants, i.e., the light mineral oils, silicone 
oils. Irthium greases and other types of industrial release 
fuids. had been rennoved. 

EXAMPLE IV 

Five gallons of the solvent mixture descried in Ex- 
ample I were added to an emulsion soak tank. A steel 
part coated with lithium grease was immersed for 1 
minute into an emulsion soak tank containing the sol> 
vent mixture at room temperature. While some cleaning 
occurred, the resulting cleaning was not at thenrK)lecular 
level. Similarly, five gallons of the solvent mixture de- 
scribed in Example I were added to a heated power 
washer emulsion degreaser The thermostat on this de- 
greaser was adjusted to Ise^'F (about 69^0), just below 
the boiling povit of n-propyl bromide, and the syetem 
was alkywed to equilibrate. Thereafter, the solvent mix- 
ture was sprayed on steel parts which were coated with 
lithium grease. Upon inspectk»i. it was observed that 
the resulting cleaning was at the molecular level. 

EXAMPLE V 

Standard Corrosion Tests, similar to those per- 
formed by Dow Chemical Corporation, were performed 
using the solvent mixture of the present invention as ox- 
idation is a potential problem with all solvent cleaners. 
In addition, methodology similar to that used by Dow 
Chemical Corporation was used to show equivalency to 
existing Clean Air Act banned solvents. In performing 
these test, strips of copper and steel measuring 1" wide 
by 6" tang (atx)ul 26mm wide by 150mm long) and of 20 
mil thickness (about 0.5mm) were buffed on a belt send- 
er to remove any oxide films. Fifty milliliters of the sol- 
vent mixture described in Exanriple I were placed in a 
cylindrical Pyrex glass container and strips were placed 
in so that 75% of the surface was immersed in the sol- 
vent. A sample container filled with tap water was used 
as a control for the test to insure that there were no altoys 
present in the metal strips which woukj have been pre- 
vented oxidation. The openings of the sample contain- 
ers were all sealed with cork stoppers to reduce evap- 
oratbn. After an 8 hour incubatton perkxj and a 24 hour 
incubation period, the strips were removed and It was 
determined that the solvent mixture of the present in- 
vention was non-corrosive. 



Claims , 

1 , A solvent mixture for use in a vapor degreasing sys- 
tem, said solvent mixture comprising: 

90 percent to about 96.5 percent n-propyl bro- 
mide, 

0 to about 6.5 percent of a mixture of terpenes, 
said terpene mixture comprising 3 5 percent to 



about 50 percent cis-pinane and 35 percent to 
about 50 percent frans-pinane; and 
3.5 percent to about 5 percent of a mixture of 
low boiling solvents, said solvent mixture com- 
prising 0.5 percent to about 1 percent ni- 
tronf>ethane, 0.5 percent to about 1 percent 
1 .2-butylene oxide and 2.6 percent to about 3 
percent 1 ,3-dloxolane. 

A solvent mixture in accordance with claim 1 where- 
in said terpene mixture further comprises one or 
nrKHre terpenes selected from the group consisting 
of encfo-isocamphene, a-pinene, c/s-para-men- 
thane and f^ns-pa/a-menthane. 

A solvent mixture in accordance with claim 1 or 
clainn 2 wherein said solvent mixture in non-flam- 
mable. 

A solvent mixture in accordance with any preceding 
claim wherein said solvent mixture has a high sol- 
vency with a Kauri-Butanol value above 120. 

A solvent mixture in accordance with claim 4 where- 
in said solvent mixture has a high solvency with a 
Kauri-Butanol value of 125 or above. 

A solvent mixture in accordarice with any preceding 
claim wherein said solvent mixture in operation in a 
vapor degreasing system leaves no residue. 

A solvent mixture in accordance with any preceding 
claim wherein said solvent mixture has an evapo- 
ration rate of at least 0.96 where 1,1.1 Trichlo- 
roethane=1. 

A solvent mixture in accordance with any preceding 
claim wherein said solvent mixture has a latent heat 
evaporation of about 58.8 cal/g (about 246 kJ/kg). 

A solvent mixture in accordance with any preceding 
claim wherein said solvent mixture has a Ozone De- 
pletion Potential between 0.001 - 0.04 and a Halo- 
gen Global Warming Potential of 0.0001 - 0.0003 or 
almost zero. 

A method for cleaning an article in a vapor degreas- 
er said method comprising: 

(a) providing a vapor degreaser system; 

(b) adding to the solvent reservoir of said vapor 
degreaser svstem a solvent mixture as claimed 
in any preceding claim 

(c) boiling said solvent mixture to form a vapor 
layer; 

(d) introducing into said vapor layer said article 
to be cleaned, said vapor layer condensing on 
said article, thereby subjecting the surface of 
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said article lo a solvent-flushing action; and 
(e) removing said article from said vapor layer. 
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(54) Cleaning of parts using an environmentally safe solvent 



(57) The present invention provides a solvent mix- 
ture comprising n-propyi bromide, a mixture of terpenes 
and a mixture of bw IXNling soh/erts, and a metliod for 
cleaning an article (e.g., electrical, plastic, and metal 
parts) in a vapor degreaser using the solvent mixture. 
The solvent mixture of the present Invention is rran-flam- 



rr^ble, non-corrosive and non-hazardous. In addition, it 
has a high solvency and a very low ozone depleting po- 
tential. Thus, using the solvent mixture of the present 
invention, cwl, grease rosin flux and other organic mate- 
rial can be readily removed from the article of interest In 
an environmentally sale manner. 
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